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The maximum unstable wavelength for two superposed fluids rotating at angular velocity Ω is Λmax = πVrel/Ω, where Vrel is the relative streaming velocity of the two fluids 6 . The large-scale Galactic magnetic field B ≈ 2 μG aligned with this shearing flow in the solar neighborhood 7 will suppress the KHI if Vrel ≤ VA = B (4 π ρ) -1/2 , the Alfvén speed in the region 5 , where ρ = μmHn ≈ 2.3 x 10 -25 g cm -3 is the mass density of the gas having a particle density n ≈ 10 -1 cm -3 at the diskhalo interface one scale height H (≈ 200 pc) above the Galactic midplane (μ = 1.38 is the gas mean molecular weight and mH is the mass of the hydrogen atom). Thus the region will be KH unstable only if Vrel ≥ 20 km s -1 . Measurements 8 of neutral hydrogen 21-cm emission reveal an average vertical falloff in the Galactic rotation curve approaching 30 km s -1 kpc -1 within 100 pc of the Galactic midplane, giving a velocity shear of slightly more than 10 km s -1 across the disk (2H) for an instability driven from both sides of the midplane in this three-layer system. The KHI growth rate ≈ kVrel, so the shortest-wavelength unstable modes grow fastest. But viscosity effects 10 will stabilize wavelengths less than 2π (ν 2 /ε g) 1/3 , where 11 ν ≈ d 2 Ω ≈ 4 x10 26 cm 2 s -1 is the turbulent viscosity in the unstable layer above the midplane having a thickness d ≈ H, g = 3.5 x 10 -9 cm s -2 is the disk surface gravity at one scale height above the midplane, and ε ≡ (ndnh)/(nd + nh) ≈ 1for a disk-to-halo gas particle density ratio nd/nh >> 1. (It can be shown 12 that kinematic viscosity and diffusion effects are several orders of magnitude less than this turbulent viscosity for the problem at hand.) Thus, viscosity will stabilize wavelengths less than about 700 pc, narrowing the range of unstable wavelengths to ≈ 1 -2 kpc, matching very well the undulation scale of the Radcliffe Wave. In any case, no unstable modes will have wavelengths less than the full disk thickness (2H ≈ 400 pc).
Physically, KHI occurs when the aerodynamic suction P ≈ ρhVrel 2 above (and below) the disk exceeds the disk gravitational restoring force per unit area. 13 In the spirit of William of Ockham (c. 1285 -1347), a KHI explanation for the undulatory Radcliffe Wave hinges on a single (hence "minimum-hypothesis") determining parameter, Vrel, however uncertain its actual value may be. It would be of interest to measure velocity gradients in the region of the Radcliffe Wave in order to refine the proposed KHI model developed here, and also to extend the model's reach to other similar features within our and other galaxies.
